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THE REDUCTION OF NONUSEFUL PRESSURB LOSSES ON
. AIR-CQOLED ENGINE CYLINDERS BY MEANS OF
IMPFROVED FINNING AND BAFFLING

By M. J. Brevoort, U. T. Joyner, and George P. Wood

A detalled analysis of the pressure drop that 1is re-—
guired to cool a typlcally baffled radisl engine shows
that a total pressure drop of 58 pounds per square foot
is ‘"necessary at sea level and 112 pounds per square foot
is required at an altitude of 40,000 feet (assuming that
the engine develops the same horsepower at both altitudes).
A breakdown of these required pressure drops 1is given in
the following table as percent of available pressure drop:

Sea 40,000
level feet
(percent )| (percent)
Useful frictional pressure. drop . . . , .« 6.6 15.8
Preesure drop due to increased momentum
of ai'r e ® 9 ® o @& 9 ® ® ® ® 9 v ® ® » 4-7 32.2
Presgure drop at baffle exit . , . . . . 16.3 42.6

Percent of availadle drop required for
cooling. . . - . ] [ ) . [ [ ] [ [ ) [ ] [ ) [ ] 27.6 90-6

The fact that so large a percentage of the required
pressure drop consiets of a nonuseful pressure loes (76
percent at sea level and 83 percent . at 40,000 feet) is a
condition that merits attention Means are proposed for
reducing thie nonuseful pressure loss, FNote that at an
altitude eslightly 1in excess. of 40,000 feet, conditions be-
come critical and the elimination of nonuseful pressure
loeses becomes of vital importance,

The three principal causes of preesure loss o6n an
ailr—cooled cylinder as listed on page 1 are defined as

1. AP, pressure loss due to frictilen (beneficlal)

2. AP, pressure loss due to increase in momentum as
air passes between the fins = 23(qy — q,)
(nonbeneficial) :




e Dreseure lose at exit from fins = Kqg (non-
beneficial). The poeitions at which q,
and g3 are taken are shown below.
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Baffle exit

The arrangement for flow in pipes which 1s analogous

to flow through a conventional baffle and finning combina-—
tion 18 shown here.
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An efficlenoy factor E may be defined as the ratio

of beneficiasl pressure lose to total pressure loss, as
follows:

APf APf

AP; + APy + APy APy + (2%K) az — 2q,

K hae.been determined from tests (referemce 1) to be
approximately 0.7 for model cylinders.,

Because the pressure drop avallable at hlgh sltitudes
ig now a limiting factor on the maximum sltitude at which
s. particular engine may operate satisfactorlly, any means
of increasing the pressure loss efficlency T willl effec—



tively increase the pressure drop availadble for cooling
and permit ogperagtion at a higher-altitude,

In order to show what gains are possidle over an
exlsting engline type, calculations of the pressures- drop
required for cooling such a type at sea level and 40,000
feet altitude are given in tadle I,

TABLE I
Sea level 40,000 feet

M, 1b/sec : 32.47 18.95
qQ,, 1b/fta 43.96 55,651
95, 1b/ft3 (a) 48,89 75,44
Hg,, 1b/£t3'® 2345,12 487.12
APy, 1b/ft® 13,93 19.64
AP, 1v/ft2 9,86 39.86
APe. 1b/£t8 34,23 52,80
AP 58,01 112.30

total
(a)g
s, — statliec pressure at position 1 1in fin.
1

The pressure loss efficlencies at these two altitudes
are

13.93
Egea level = . = 34 percent

13.93 + 9,86 + 34.22

19,64
E40.000 £t = 9.5 = 17 percent

19.64 + 39.86 + 52.80

There are at least three ways of incremsing this effi-—
clency:

l,- The obvious solution of adding enough surface aren
g0 that. the veloclties required to cool, and hence 4q, #end
Q3, aTe very small and the nonbeneficial pressure losses
bacomn nggligivle., Thie solution 18 belng extended as fast
as manufacturing technique will permit,

2, By incremasing the width of the fins graduslly to-
vard the rear of the cylinder as shown by analogy below,
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Thfs solution -would allow the air to expand to lower
pressure without speeding up in passing through the fins,
so that, if properly done, qg = q,
1 ' ag
. '
|

v

D S

¥

3, By improving exlt conditions so that the factor
K will be lower than 0,7. See analogy below.
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If both of these solutions are incorporated, the
following analogy &applies
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By incorporating solutilon 2 th fficiencles may bde
revised to be

APf
B = ———————
APr, + Kq,
13., 93
Esea level = : < = 31 percent
13,93 + 0,7(43.96)
19.%4 _
E40,000 £t = = 33 percent

19.64 + 0.7(55.51)



If solution 3 alone is applied by reducing K from
0.7 to 0.8, the efficiencies are improved to

l;ea.levelx'-r 18,93 ~'= 36 percent

13.9% + 2,3(48.89) — 2(43.96)

. 19.64 .
19,64 + 2.3(76.44) - 3(65,51)

40,000 £t = 34 percent

If solutions 2 and 3 are applied simultaneously, the
efficlences are

x - 13,93
sea level 13,93 + 0.3(43,96)

u 51 percent

19.64
19.64 + 0,3(556,51)

E40,000 £t = = 64 percent

The following table shows how many times the bene-—
ficial pressure loss may be increased for a given total
pregsgure loses by succeesful application of solutions 2
and 3 given above. ’

Sea level 40,000 feet
Original engine.  « o . » 1,00 1,00
With solution 2 enly , . . 1,29 1,73
With solution 3 only . . . 1.60 1l.41
With solutions 2 and 3 . . 2.12 3.17

The improvement at sea level 1s lmportant, but not
vital, because sufficlient prescure drop. is avallable for
cooling. However, at altitude the larger improvement poe-
glble 18 of tremendous importance, becsuse cooling pres-—
sure loes is now a limiting factor on maximum altitude,

It 1s bellieved by the authore that these proposals
gehould be investigated on a full—-scale engine mock-up.

Langley Memorisl Aeronautical Ladboratory,
National Advisory Committee for Aeronautices,
Langley ¥1eld, Va., Wovember 4, 1942,
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